There is no satisfactory parameter that can predict the need for assistant devices for endovascular aneurysm coiling. Our aim was to evaluate the utility of MOA as a predictor of the need for stent-assisted coiling in ICA sidewall aneurysms.
T
he geometric features of an intracranial aneurysm are key determinates for both the feasibility of endovascular treatment and the angiographic outcome following treatment. 1, 2 Soon after the introduction of the Guglielmi detachable coil, it was recognized that aneurysms with small necks (Յ4 mm) were more likely to be completely occluded at the time of initial treatment and also to remain occluded at the time of follow-up than were those with larger necks (Ͼ4 mm). 3, 4 Later, Debrun et al 5, 6 and then Cloft et al 7 described the use of DNR in determining the suitability of aneurysms for treatment with endovascular techniques (those with DNR of Ͻ1.5-2 were deemed difficult or impossible to treat by using standard techniques). Because of the development of balloon remodeling [8] [9] [10] and stent-assisted coiling, [11] [12] [13] many aneurysms with wide necks/small DNRs can now be treated successfully by using endovascular treatment. While neck width and DNR have some value in predicting whether use of these adjunctive techniques is necessary, they have not been proved to be completely reliable. 14 In part this outcome is, in our opinion, the result of both a lack of consensus and, thus, uniformity in the techniques that have been used to measure aneurysm height, neck and dome width, and the dependence of these parameters on the particular 2D projection that is chosen for measurement. These shortcomings make it impossible to determine the usefulness of the reported thresholds derived from the parameters (eg, neck width Ͼ 4 mm, DNR Ͻ 1.5 or 2, or AR Ͻ 1.2 14 ) as predictors, in general, of the need for use of either balloon neck protection or stent-assisted coiling. Additionally, these parameters do not address at all the geometric relationships between an aneurysm and its parent artery. Although Martin et al 15 suggested an arbitrary proportion of 2:1 for parent artery diameterϪneck width ratio, this was favorable for patency of the parent artery after coiling, and no data or analyses were provided to support this conclusion.
These drawbacks, the observation from Black et al 16 that the ostium of intracranial aneurysms tends to be more ellipsoid than circular, and the report by Karmonik et al 17 of a practical technique for measurement of the percentage of the circumference of a parent artery that is incorporated into an aneurysm ostium, were the motivation for our search for a more helpful and reproducible parameter to serve as a predictor of the need for stent-assisted coiling. It was our hypothesis that the MOA (an angle formed between the center line of the parent artery and the 2 margins of an aneurysm ostium at its widest point) (Fig 1F) would be both a more reproducible and a more reliable parameter for determining the need for stentassisted coiling than would the other parameters previously described. In this report, we describe the use of this parameter in determining the need for stent-assisted coiling in a series of ICA sidewall aneurysms. 
Materials and Methods

Data Base
In a retrospective review of an internal departmental data base from December 2007 to October 2009, a total of 55 patients having a final radiographic diagnosis of an ICA sidewall aneurysm who also underwent 3D-DSA as a part of their evaluation were identified. Among them, 5 (9.1%) were excluded because of an inadequate 3D-DSA. The remaining 50 (11 men and 39 women) were studied. The mean age was 51.9 years (range, 25-70 years). Five had multiple aneurysms on the same ICA. Thus, a total of 55 aneurysms were studied: Thirteen were ruptured and 42 were unruptured. Among these, 32 were treated with endovascular techniques, while the other 23 were either untreated or clipped (Tables 1 and 2 ).
Image Acquisition
2D-DSA and 3D-DSA acquisitions were obtained on all subjects by using a biplane angiographic system (Axiom Artis dBA; Siemens, Forchheim, Germany). The 3D-DSA datasets were transferred to a commercially available workstation (Leonardo; Siemens) for viewing and postprocessing. Prototype software (Siemens) was installed on the workstation and used to measure the MOA with the following technique: First, a manually chosen region of interest was defined by manipulation of the reconstructed volume so that the region of interest would include only an aneurysm and the appropriate segment of its parent artery ( Fig 1A) . The parent artery centerline was then automatically computed and displayed after placing 2 points that were used to mark a position on the parent artery proximal and distal to the aneurysm (Fig 1B, -C) . Planes perpendicular to the parent artery centerline were constructed between the proximal and distal markers. The planes continuous with (between) those defining the limits of the aneurysm ostium were assumed to include the largest maximum diameter of the part of the aneurysm related to the ostium. Starting from this plane and going in the proximal and distal directions along the centerline, planes were then assumed to include the aneurysm until the maximum diameter of a plane fell below a certain percentage (Յ100%) of the parent artery diameter. The first proximal and distal planes of Ͼ100% of the parent artery were marked as being the start and the termination of the aneurysm ostium. For all such planes, the portion of the region-of-interest contour that was Ͼ100% of the vessel radius was assumed to belong to the aneurysm (Fig 1D, -E) . As measured from the centerline, the angular extent of this portion was defined as being the ostium angle ( Fig 1F) ; this thus defined the percentage of the parent artery circumference included in the ostium. The maximum angle (ie, MOA) was taken for further analysis. Aneurysm height and maximum dome and neck widths of aneurysms were also measured on the same workstation. For the measurement of these dimensions, on the basis of the observation from Brinjikji et al 18 that 3D-DSA imaging tended to underestimate the DNR, the 2D-DSA images that provided the optimal separation from an aneurysm to its parent artery were used for the measurement. These numbers were then used to calculate DNR and AR.
Data Analysis
The MOA, neck width, DNR, and AR of each aneurysm were then correlated with the use of stent-assisted coiling. For the 23 aneurysms that were either untreated or clipped, 3 experienced interventionalists (A.A., C.M.S., and B.A.K.), who were blinded as to how the aneurysms had been treated, were asked to review the 3D studies and to then decide if they would have treated the aneurysm with coiling only, coiling and balloon, or coiling and stent with or without a balloon. Aneurysms falling into the last category were regarded as those that required stent-assisted coiling. Fourteen aneurysms of the 23 were considered to require stents, while the rest were not. When 2 of the observers disagreed, the third one's opinion was used to make a final decision (there was no situation in which each of the 3 observers made different decisions).
Statistical analysis was performed by using R, Version 2. Multiple observations (aneurysms) per patient were taken into account by using bootstrapping (the number of bootstrap replications was 1000). Group comparisons (stent required versus non-stent required) were performed for each geometric parameter by using generalized estimating equation models. ROC analysis was also performed to evaluate which parameter was best correlated with the use of stents. Pairwise comparisons of the AUC were performed by calculating the variance of the difference in AUCs from a paired study design. 19 Logistic regression was used to determine a predictor for the use of stents containing all the 2D parameters; the addition of MOA was then tested via a 2 test based on the difference in deviance between the 2 nested models. A P value Ͻ .05 was considered significant.
Results
Thirty-one aneurysms required or were considered to require stent-assisted coiling, while 24 aneurysms did not. Among these 31 aneurysms, 3 ruptured aneurysms were included, and only 1 was actually treated with stent-assisted coiling. The other 2 were clipped. The average MOA of aneurysms requiring stent-assisted coiling was much larger than that of aneurysms not requiring the use of a stent, with a statistically significant difference (133.3 Ϯ 42.5°and 93.0 Ϯ 29.8°, respectively; P Ͻ .001). The average neck width also revealed a statistically significant difference; aneurysms requiring stents had markedly wider necks than those not requiring stents (4.67 Ϯ 1.93 mm and 3.10 Ϯ 1.17 mm, respectively; P Ͻ .001). The average DNR of aneurysms requiring stents was smaller than that of aneurysms not requiring stents, but this difference was not statistically significant (1.38 Ϯ 0.44 and 1.58 Ϯ 0.70, respectively; P ϭ .22). For the AR, the average of aneurysms requiring stents was smaller than that of aneurysms not re- (Fig 2) . For the difference of the AUC between the MOA and each of the 2D parameters, MOA-DNR (0.413 Ϯ 0.107) and MOR-AR (0.422 Ϯ 0.921) showed significant differences (P Ͻ .001 and P Ͻ .001, respectively), whereas MOAϪneck width did not (0.021 Ϯ 0.089, P ϭ .81) ( Tables 4 and 5 ). For the addition of the MOA to the 2D parameters, the logistic model containing the MOA and all the 2D parameters showed significantly higher predictive performance compared with the model containing just 2D parameters (P ϭ .005). Thus, inclusion of the MOA was warranted to predict the use of stents.
Discussion
Our results demonstrated that in this cohort, the MOA was an excellent predictor of the need to use stent-assisted coiling in treatment; the predictive value of this parameter was also superior to that of the other tested measurements (Fig 2) . Furthermore, the use of the MOA increased the utility of the other parameters as predictors of the need to use stent-assisted coiling in aneurysm treatment. This might be expected because the MOA represents the geometric relationship between an aneurysm and its parent artery (how much of the parent artery is involved by an aneurysm), 17 while the other parameters only address aneurysm dimensions. Thus, inclusion of the MOA in addition to the previous parameters in treatment planning would seem to be warranted.
The determination of the MOA requires a technically satisfactory 3D reconstruction (in this study, 5 of 55 patients were excluded due to inadequate 3D images). Once, however, acceptable 3D images are available, the MOA can easily be obtained during the simulation of stent deployment by using virtual parent artery reconstruction. 17, 20 Therefore, obtaining the MOA requires no additional effort and may even facilitate workflow compared with measuring aneurysm neck width and the parent artery diameter separately. 15 This study included several limitations. First was the small sample size. Second, only sidewall ICA aneurysms were studied because with the available software, it was impossible to obtain the MOA from bifurcation or terminal aneurysms. The observation that ICA aneurysms are often candidates for balloon/stent-assisted coil embolization 9, 12 supported this selection. A third limitation was the use of both stents and balloons as adjunct devices for coiling (stents were used in 31 aneurysms, balloons were used in 13 aneurysms, and only in 11 aneurysms was no adjunctive assistance required). Because of the small number of aneurysms in which no adjunctive devices were used, we did not report the details of a subgroup analysis comparing simple coiling with balloon-and/or stent-assisted coiling. Although the details are not shown, the statistical analysis revealed that the MOA showed a significant difference between these groups (balloon-/stent-required aneurysms had much larger MOAs, P Ͻ .001) and, in the ROC analysis, a second-best predictive performance for the use of balloon/ stents, following neck width with a small difference (P ϭ .86) and followed by DNR and AR with a significant difference (P Ͻ .001 and Ͻ0.001, respectively). The inclusion of the MOA was also warranted (P Ͻ .05). However, again, this group comparison should have less impact due to the significant difference in the number of subjects in each group (11 versus 44) . Fourth, in deciding about the need for stentassisted coiling in the group of aneurysms that were either untreated or clipped, only the geometric characteristics of an aneurysm and its parent artery were taken into consideration. Other factors such as tortuosity, stenosis, or calcification of the access route, which could alter the decision-making, were not considered. Moreover, the decision made by the 3 experienced interventionalists based on their experience rather than the reported geometric parameters (ie, neck width, DNR, and AR) may have weakened the predictive performance of these parameters for the use of stents. Fifth, in these patients, the need for stents was considered only as an aid to coiling and not as an independent method of treatment (ie, the use of a stent as a flow diverter was not considered). 21, 22 Because a variety of stents are now in clinical use for treatment of aneurysms unfavorable for the standard technique (ie, coiling with or without assistant balloons or stents) 23, 24 and because most such aneurysms tend to arise from a relatively large segment in the parent artery wall, 24 the MOA would be likely one of the useful factors for predicting the use of these kinds of stents. Last, this study was conducted in retrospective fashion. Thus, inevitable selection bias would exist. Further prospective study with a large number of subjects at multiple locations is needed. Also, long-term follow-up of this cohort is warranted to evaluate how the MOA correlates the treatment outcome.
Conclusions
In this small study, MOA was a useful parameter to predict the need for the stent-assisted coiling in ICA sidewall aneurysms. Further prospective study of this parameter for aneurysms at multiple locations is required to determine its ultimate value.
